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MOLECULAR FARMING 



BACKGROL-ND OF THE llTVTin'V ^ dki 
^ -^ield of t he Invention 

An extensive literature has been developed 
demonstrating the ability to produce polypeptide 
sequences in a wide variety of cellular hosts. Numerous 
genes have been isolated fro. .annals and viruses 
10 :c.ned to transcriptional and translational initiltion 
and tenn.nation regulatory sianal. f... , °" 

T\ I introduced into hosts in 

wh.C the re,ni.to., signals ere functional. r.e.uen.ly 
the peptxde of interest is prepared to .e used f o a ' ' 

a ::::r'.""°"- -------- pHysido^icai 

activx.y requires not only having the correct or 
substantially correct anino aoid sequence, but the 
peptide „ust fold properly including proper disulfide 

20 such P-«"in., 
20 such as aoetylation, glycosylation or „ethylation. 

For economic production, one vould wish to 
use unrcellular microorganisms, which could be grown in 
large rermentation tan.s, do not have fastidiou! 
25 Zi'T" relatively economical to 

Z TZ' f""""- ^"^^ ^Hbtm,, or 

ungi !' " ^^I^ous 

produc ■ cpportunlties to 

o uce a „.de variety of peptides. However, because 

Of the substantial difference in tho 
3n • -^-LCi-ence in the nature of thp 

" — — ian cells, ^he 

folding and processing m a mammalian cell appears to 
be substantxally different from these lower order 

fron"th"' P"^-" «e Obtained 

5 o^le : "-roorganisms may not have been 

P.operly processed or folded so as to r=ali-e a 
substantial proportion or all of the phys lo 1 ocica > 
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activity of the naturally occurring peptide obtained 
from a native host. 

There therefore remains substantial interest- 
in providing alternative economic systems for producing 
peptides, where high yields may be obtained and 
significantly, the products may be produced in a form 
providing for a high degree of physiological activity 
common to the wild-type peptide having the same or 
substantially the same amino acid sequence. 
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Brief Description of the Relevant Literature 

References concerned with expression of 

various interferons include Goeddel e_t a_l. , Nucleic 

Acids Res. ( 1980) 8_: 4057-4074 ; Goeddel, Nature (1980) 
15 2B7 : 411-415; Yelverton et al . , Nucleic Acids Res. 

(1981) 9_: 731-741 ; Gray et al.". Nature (1982) 
- 29 5 : 5Q3-5Q8 Devos et al. , Nucleic Acids Res, ( 1982) 

1_0_: 2487-2501 ; Grey and Goeddel/ Proc. Natl. Acad. Sci. 

USA (1983) 80:5842-5846; Scahill et al. , Proc. Natl. 
20 Acad. Sci. USA (1983) 80:4654-4658. See also, Horsch 

et al . , Science (1985) 227:1229-1231. 

Wide host range cloning vectors are described 

by Knauf and Nester, Plasmid (1982) 8_: 45-54 . The 

nucleotide sequence of the T-DNA region is described by 
25 Barker et a_l . , Plant Molecular Biology (1983) 

2:335-350. See also, EPA 0 116 718 and PCT WO84/02913. 



SUMMARY OF THE INVENTION 
Efficient production of physiologically 
active mammalian proteins is provided by introducing 
functional constructs containing the mammalian 
structural gene into a plant cell. The construct is 
able to express the desired peptide in an isolatable 
form. The plant cells may be grown in culture or 
cultivated in an appropriate nutrient medium or soil 
and the mammalian protein harvested. Particularly, 
T-DNA transformation may be employed for integration of 
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the construct into the plant gencrr.e under conditions 
where the ceils can be used to produce plants. 



DESCRIPTION OF THE SPECIFIC EXBODIHENTS 
- Novel DNA sequences are provided comprising 

constructs functional in plant cells for the expression 
of physiologically active mammalian peptides. The 
constructs provide for functional transcriptional and 
translational initiation and termination regulatory 

10 signals which with the construct integrated into the 
plant genome, provide for efficient expression of the 
structural gene. Depending upon whether the cells are 
grown in culture or cultivated in soil or other medium, 
these cells or plants may be harvested, and the desired 

15 product extracted and purified in accordance with 
conventional techniques . 

, The construct for introduction into the plant 

will be considered first. While the construct may be 
either DNA or RNA, for the most part, the construct 

20 will be DNA even though the construct may be ultimately 
introduced into the plant cell as RNA, such as a virus. 
One significant element of the construct will be the 
transcriptional cassette involving the transcriptional 
initiation region, which may be divided into a 

25 regulatory domain and the usually proximal RNA 

polymerase binding domain, the structural gene coding 
for the mammalian peptide of interest, and a terminator 
region which provides for termination of transcription 
and translation. Another significant element is the 

30 regulation of expression at a particular stage of 
differentiation, m a particular plant part, e.g., 
roots, leaves, stalk, or the like. In many situations 
a polypeptide leader signal will be desirable which 
directs the product to a particular organelle. This 

35 will be of substantial significance where the organelle 
may be involved in the proper processing of the 
peptide . 
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A wide variety of transcriptional 
^e^.ons ..y e.p:oye., wHic. are in.u L T^^^" 
tissue speci^ir nr- ^- -^^-^e, e.g., 

Ht^t-x^ic, or constitutive Tho ^ 

n i DNA, or from viruses, or plants, 
^» transcript 7, ^ -"-P^- synthase. 

Plant transcription initiation re,Lns are th^ ! , 
:.=-Msp.ospnate car^o.nase s^ai! su u T'l 
1= which is light inducible or hh. • 

P^otain re,.cn, .r .orlltl L se^r " 

-out. tr;t:::::" ■ 

sequenced and synthesized so a to have " " "^^ 
sub tantiauy the same sequence as the wild-type 
region, where inducible regulation is desirer . ■ 

Obtained .ro„ di»erent source , rtt; T''^ 
regulatory do.ain „ay be obtained fro„ one sourc and 

airrerent source tn 

th. . manner, one may provide for 

-/::t:^o„\"::!uctr:r^"""^ "--^ 

domain associate; : h IL":' """^ ^ --^"^ry 

> :::: tr: 
-Sired ,enetv a-L^Lr;:::^"::: 

uspH t^h-;^K • ^ -^^yuxacory region may be 

used which IS functional in olants e a n ^ 
or eukarvot^-- - ' P^^^^ryotic 

^aryot.., .,0. T-DNA, plants, viruses or na:n.als. 
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The structural gene may be any xa.Tjr.aiian gene 
of interest, which includes maunmalian viral pathogen 
genes. A wide variety of genes have been isolated and 
shewn to be capable of production in unicellular micro- 
5 organisms, to various degrees of biological activity 

and efficiencies, and in mammalian cells, with the ever 
present concern that the majnmalian cells are transformed 
cells, so that any product must be carefully purified 
to ensure the complete absence of any nucleic acid 

10 contaminant. Structural genes of interest include a-, 
3- and y-inter f erons , irrjnunoglobulins , with the struc- 
tural genes coding for the light and heavy chains and 
desirably assembly occurring in the plant cell, lympho- 
kines, such as interleukins 1, 2 and 3, growth factors, 

15 including insulin-like growth factor, epidermal growth 
factor, platelet derived growth factor, transforming 
growth factor-a, -3, etc., growth hormone, insulin, 
collagen plasminogen activator, blood factors, such as 
factors I to XII, histocompatibility antigens, enzymes, 

20 or other mammalian proteins, particularly human proteins. 

Among the antigens associated with viral 
pathogens, include the core and envelope proteins of 
leukemia and lymphotropic retroviruses, such as HTLV-I, 
-II and -III, feline leukemia virus, etc., surface 

25 antigens of herpes simplex virus, hepatitis B virus, 
adenovirus, and the like. 

Peptides of interest other than those indica- 
ted above will be peptides which may be administered 
physiologically, where growth in plants diminishes the 

30 probability of contaminants causing an adverse response 
upon administration to a mammalian host. 

Plants may also find use in preparing other 
proteins than to be administered to a host^ where the 
mammalian protein, such as an enzyme, may require 

35 folding and/or processing that is unavailable in 

unicellular microorganisms. Not only may plants be 
used to prepare the mature peptide, but in many 
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instances it may be desirable to prepare the precursor, 
which may require cleavage and assembly, either 
endogenous or exogenous to the plant. Peptides can be 
prepared having a naturally occurring transit or leader 
peptide or a transit or leader peptide from a plant 
peptide. The transit peptide will serve to subject the 
entire peptide product to the processing and maturing 
of the peptide. Such processing may include specific 
peptide cleavage, e.g., removal of the transit peptide, 
glycosylation at glycosylation sites, folding with 
appropriate formation of disulfide linkages. 

Any convenient terminator may be employed 
which provides for efficient termination in conjunction 
with a particular transcriptional initiation region. 
15 The terminator may be the terminator region normally 
associated with the transcriptional initiation region 
or associated with a different transcriptional initia- 
tion region, so long as the region is functional in 
plants . 

In order to select for plant cells that have 
successfully integrated the construct, the expression 
construct or cassette will usually be joined to a 
marker. The marker will allow for either screening or 
selection, usually selection. A number of different 
antibiotic resistance genes are known that can find use 
in plants to serve as markers. These genes include 
enzymes providing resistance to kanamycin, chloramphen- 
icol, G418, gentamycin, and the like. These genes will 
have transcriptional and translational initiation and 
termination regulatory regions that may be the same or 
different from the regions employed for the structural 
gene of interest. Usually constitutive expression will 
be provided, rather than inducible expression. 

In addition to the cassette and marker, 
35 depending upon the manner in which the DNA construct 

will be introduced into the plant cell, other sequences 
may be necessary. Where the Agrobacterium tumor- 
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mducir.Q system is to be employed, one or both of the 
T-DNA boundaries of a Ti- or Ri-plasmid will be present, 
:::amcularly the right boundary region. Each boundary 
region will generally be of about 1 to l.Skbp. 

The DMA construct of the cassette, marker and 
T-DNA may then be employed in a variety of ways. For 
integration into a Ti- or Ri-plasmid, the construct may 
be introduced into an appropriate Agrobacter ium strain 
carrying the tumor- inducing plasmid, whereby the 
construct will become integrated into the tumor-inducing 
plasmid and may then be transferred to plant cells. 
Alternatively, the construct may be ]oined to a broad 
spectrum replication system, such as a Pi incompatibility 
replication system and transformed into an Aarobacter ium 
containing an armed or disarmed tumor-inducing plasmid. 
Integration will occur and transfer to the plant cell 
of the construct along with other genes and markers. 
When transfer is with an armed tumor- inducing plasmid 
(Ti or Ri T-DNA containing plasmid) genes conferring 
tumor formation will be transferred, so that galls may 
form. With disarmed tumor plasmids (lacking T-DNA) the 
tumor-causing genes cannot be transferred and gall 
formation is not encountered. A transposon may be 
employed containing the construct and the gene coding 
for transposase, such as in the Ac-Ds system. A viral 
system may be employed which provides for integration 
into the host genome. 

Transfer of the DNA construct into the plant 
cell may be by infection with A. tumef aciens or A. 
rhizoaenes , microinjection, liposome fusion, viral 
infection, or the like. The particular manner in which 
the DNA is introduced into the plant ceil for integration 
is not critical to this invention. 

Usually, the construct will be joined to a 
prokaryotic replication system, for example, a system 
functional in E. coli , so as to allow for cloning at 
the various stages of preparation of the construct. A 
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wide variety of replication systems are available, both 
plasraid and phage, such as ColEl, A, etc. 

Plant cells which are employed may be either 
monocots or dicots and will be chosen in accordance 
with the manner in which the desired gene is to be 
produced and harvested. Plants which may find use 
include tobacco, sunflower, corn, sugar cane, soybean, 
tomato, alfalfa, mustard, sugar beet, rapeseed, etc. 
The product may be found in plant parts such as seed, 
leaves, fruit, roots, stalks, tubers, or combinations 
thereof. Thus, the peptide of interest may be the sole 
purpose for growing the plant or be an additional 
product. 

The construct will be prepared in 
15 conventional ways. DNA sequences may be detected by 

employing probes, which may be designed based on known 
amino acid sequences or prior isolation of all or 
fragments- of mRNA or chromosomal DN.A: The sequences 
may be restriction mapped or sequenced and the entire 
gene obtained by various techniques, such as walking, 
using a plurality of primers, or the like. Once the 
sequence has been isolated, it may be ligated to other 
sequences, either directly or through linkers, where 
the linkers may provide no or portions. of coding 
25 sequences. Various strategies may be devised based on 
available restriction sites, the absence of restriction 
sites, the ability to introduce restriction sites, the 
availability of particular fragments, the presence of 
sequences which require excision, and the like. The 
particular strategy will be dependent upon the gene 
which is employed, the particular regulatory systems, 
the availability of vectors having one or more of the 
desired sequences, as well as other practical 
considerations. 

The manner in which the construct is 
introduced into plants may be varied widely. This has 
already been indicated by virtue of the different 
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sequences which niay be included in the construct. Of 
particular interest is the presence of T-DNA for 
integration in conjunction with the vir genes of the 
Ti-plasmid which rr.ay be present on a plasnid other than 
5 the plasmid containing the foreign gene. Thus, the 
necessary genetic capability for integration into the 
plant cell can be provided, in conjunction with 
infection with Agrobacterium or introduction of the DNA 
by other means. Descriptions of introduction of DNA 

10 into plants may be found in Pedersen et_ al. , Plant Cell 
Reports (1983) 2_:201-204 ; Hooykaas-Van Slogteren et 
aj^. , Nature (1984) 211:^63-764 ; de Cleene and de Ley, 
The Botanical Review (1 976) 4_2 : 389-466, and references 
cited therein, are incorporated herein by reference. 

15 The transformed plant cells will then be 

grown in appropriate nutrient medium to provide for 
selected calli, where plant cells or protoplasts have 
been modified. Once the calli has formed, the medium ... , 
may then be changed to encourage root and shoot 

20 formation and the resulting shoots" transferred to 

appropriate growth medium for growth of plants. When 
the plants have been grown to the desired stage, the 
plants or plant parts, e.g., seeds, fruit or the like, 
may be harvested, and the desired product isolated in 

25 accordance with conventional ways. Thereafter, the 

gene may be regenerated from seeds, so that the process 
of regeneration from calli need not be repeated. The 
plant may be ground and extracted with appropriate 
solvents, chromatographed , crystallized, solvent 

30 extracted, etc. The crude product may then be purified 
in accordance with the nature of the product. 

In some instances it may be neither necessary 
nor desirable to extract and isolate the mammalian 
protein product from the plant. Where the product can 

35 have a physiological effect on ingestion, it may be 

sufficient that the product be retained with the plant. 
This Will be true where the plant part is edible, such 
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as fodder which could include nutritional qual^'ties 
such as bovine growth hormone, seed, nuts, fruit and 
vegetables, which could include proteins involved in 
the regulation of digestion, or the like. 
5 The following examples are offered by way of 

Illustration and not by way of limitation. 
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EXPERIMENTAL 
The Hindlll-smal fragment of Tn5 containing 
the eatire structural gene for APHII (Jorgensen et al 
M£i._Gen, (1979) 177: 65) was cloned into pUC8 fvH ~* ' 
and Messing, Gene (1982) 19:259), converting the 
fragment into a Hindlll-EcoRI fragment, since there is 
an EcoRI site immediately adjacent to the Smal site 
The Pstl-EcoRI fragment containing the S'-^I^tion of 
the APHII gene was then combined with an 
EcoRI-BamHi-Sall-Pst: linker into the EcoRI site of 
PUC7 (PCGN546W). since this construct does not confer-" 
kanamycin resistance, kanamycin resistance was obtained 
by inserting the Bolll-Pstl fragment of the APHII gene 
into the BamHi-PstI site (pCGN546X) . This procedure 
reassembles the APHII gene, so that EcoRI sites flank 
the gene. An ATG codon was upstream from and out of 
reading frame with the ATG initiation codon of APHII. 
The undesired ATG was avoided by inserting a Sau3A-PstI 
fragment from the 5 '-end of APHII, which fragment iT^s 
the superfluous ATG, into the BamHI-PstI site of 
PCGN546W to provide plasmid pCGNSSO. 

'^^^ fragment containing the APHII gene 

was then cloned into the unique EcoRI site of pCGN451 
Which contains an octopine synthase cassette for 
expression, to provide pCGN552. 

PCGN451 includes an octopine cassette which 
contains about 1556bp of the 5' non-coding region fused 
via an EcoRI lin.er to the 3' non-coding region of the 
octopine synthase gene of pTiA6 . The pTi coordinates 
are 11,207 to 1Z,823 for the 3' region and 13,643 to 
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1 5,208 for the 5' region as defined by Barker et_ al 
Plant Mol. 3iol. (1933) 2:325. 



The 5 



fragment was obtained as follows. 



A 



small subcloned fragment containing the 5' end of the 
5 coding region, as a Bam HI- Eco RI fragment was cloned in 
pBR322 as plasmid pCGN407. The BamHI-EcoRI fragment 
has an Xmn I site in the coding region, while pBR322 has 
two XmnI sites. pCGN4 07 was digested with Xmn I , 
resected with Bal 31 nuclease and EcoRI linkers added to 
10 the fragments. After Eco RI and Bam HI digestion, the 

fragments were size fractionated, the fractions cloned 



and lObp of the 5' non-translated sequences had been 
removed leaving the 5* non- transcribed region, the mRNA 

15 cap site and 15bp of the 5* non-translated region (to a 
Bam HI site) intact. This small fragment was obtained 
by size fractionation on a 7% acrylamide gel and 
fragmenlis approximately 1 30bp long eluted. This size 
fractionated DNA was ligated into Ml3mp9 and several 

20 clones sequenced and the sequence compared to the known 
sequence of the octopine synthase gene. The M13 
construct was designated pl4, which plasmid was 
digested with BamHI and EcoRI to provide the small 
fragment which was ligated to a Xho l to BamHI fragment 

25 containing upstream 5* sequences from pTiA6 (Garfinkel 
and Nester, J. Bacterid, (1980) 144 : 732) and to an 
Eco RI to Xho l fragment containing the 3* sequences. 
The resulting Xho l fragment was cloned into the Xho l 
site of a pUCS derivative, designated pCGN426. This 

30 plasmid differs from pUC8 by having the sole Eco RI site 
filled in with DNA polymerase I, and having lost the 
Pst I and Hin dlll site by nuclease contamination of 
Hindi restriction endonuclease , when a Xho l linker was 
inserted into the unique Hindi site of pUC8 , The 

35 resulting plasmid pCGN451 has a single Eco RI site for 
the insertion of protein coding sequences between the 
5' non-coding region (which contains l,550bp of 5' 
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non-transcribed sequence including the right border of 
the T-DNA, the mRNA cap site and 16bp of 5 ' 
non-translated sequence) and the 3' region (which 
contains 267bp of the coding region, the stop codon, 
196bp of 3- non-translated DNA, the polyA site and ' 
l,153bp of 3- non-transcribed sequence). pCGN451 also 
provides the right T-DNA border. 

The resulting plasmid pCGN451 having the ocs 
5' and the ocs 3' in the proper orientation was 
digested with EcoRi and the EcoRi fragment from pCGNSSl 
containing the intact kanamycin resistance gene 
inserted into the EcoRI site to provide pCGN 552 having 
the kanamycin resistance gene in the proper 
orientation. 

This ocs/KAN gene was used to provide a 
selectable marker for the trans type binary vector 
PCGN58 7. 

- - The 5' portion of the engiheered octopine 
synthase promoter cassette consists of TiA6 DNA from 
the Xhol at bp 15208-13644 (Barker's numbering), which 
also contains the T-DNA boundary sequence (border) 
implicated in T-DNA transfer. In the plasmid pCGN587 
the ocs/KAN gene from pCGN552 provides a selectable 
marker as well the right border. The left boundary 
region was recloned from the Hindlll-EcoRI fragment as 
a Konl-EcoRI fragment in pCGN555 to provide pCGNSBO. 
PCGN565 is a cloning vector based on pUC8-Cm, but 
containing pUClB linkers. pCGN580 was linearized w^ th 
BamHI and used to replace the smaller Balll fragment of 
PVCK102 (Knauf and Nester, Plasmid (1982) 8:45), 
creating pCGN585. By replacing the smaller Sail 
fragment of pCGN585 with the Xhol fragment from oCGN552 
containing the ocs/KAN gene, pCGN587 was obtained. 

PCGH807 is derived from pBR322, contains the 
tetracycline resistance gene, has about 300bp of a 
sequence including the trp promoter 5 ' to a 750bp 
sequence including all of the murine y-interferon 
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structural cDNA and a 3 ' -untranslated region, with the 
gene described in Gray and Goeddel, Proc. Natl. Acad. 
Sci. USA ( 1983 ) 80:5 342-584 6 . The promoter and gene 
are an EcoRI fragment of about 834bp. pCGN807 was 
5 digested with Eco RI and Hpa l which fragment was 

inserted into pEMBL18+, which had been digested with 
EcoRI and Sma l creating pCGN808 . pEMBL18+ (Dente et 
al . , Nucleic Acids Res. (1983) ri:1645) differs from 
the pEMBL plasmids in having the pUC18 linker inserted 

10 into the S-galactosidase gene, pCGN808 was digested 

with EcoRI and BamHI to provide a 540bp fragment which 
was inserted into pCGN46 which had been digested with 
Eco RI and BamH I to provide for the murine y-interferon 
cDNA gene to be in the proper orientation in relation 

15 to the mannopine synthase (mas) 5* transcription 
initiation region and the ocs 3' transcr ipto-on 
termination region (pCGN809), _ 

An approximately S.Skbp EcoRI fragment (Ecol3 
or Eco C) carrying a portion of the T-R DNA (Barker et 

20 al . , Plant Mol. Biol. (1983) 2^:325) including the 

mannopine synthase promoter region (P,,^^) was cloned in 

MAS 

a vector designated pVK232. After digestion of pVK232 
with Eco RI , Ecol3 was inserted into the Eco RI site of 
pACYC184 to yield plasmid pCGN14. pCGN14 was digested 

25 with Sph I and Cla l (respectively at position 21562 and 
20128 of the Barker et al^. sequence, suora ) to remove 
the Pj^g region which was inserted into pUC19 
(Pharmacia, Inc.) which had been digested with Sohl and 
AccI to yield pCGN40. The P^^^ region includes a Cla l 

30 recognition site internally which is methylated, so as 
to resist digestion. 

pCGN40 was digested with EcoRV and EcoRI 
where the Eco RV site is in the T-DNA, while the EcoRI 
site is in the polylinker of pUC19 to provide a 

35 fragment having the P^^^ region. pCGN451 containing 
the octopine synthase cassette was digested with Smal 
and Eco RI and the larger fragment isolated from which 
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the octopine synthase 5' region had been removed. The 
EcoRV-EcoRI Pj^2 region was substituted into pCGN451 
for the octopine synthase 5' region, where the 
transcriptional initiation and termination regions were 
separated by a polylinker to provide pCGN46. 

To introduce the plasmid pCGN809 onto the 
wide host range T-DNA binary vector pCGN587, pCGN809 
was transformed into an E. coli polAl mutant containing 
PCGN587. The two plasmids pCGN587 and pCGN809 share 
two regions of homology where recombination can occur: ■ 
at the ocs 3- regions of the APHII gene and the 
Y-interferon gene, and at the pUC origins of the two 
plasmids, recombination at either site results in a 
plasmid containing both the y-interferon gene and the 
APHII gene as intact expression units. In the oolAl 
mutant, the pCGN809 plasmid, which has a pUC origin of 
replication, can only survive by integration into the 
PCGN587 plasmid, which has a wide host range 
replication system. Since the pCGN809 construct has 
ampicillin resistance, the chimeric plasmid pCGN810 can 
be selected. The transformed E. coli host was grown in 
a nutrient medium containing lOOug/ml ampicillin and 
surviving clones isolated. Plasmid pCGNSlO was then 
mated into A. tumefaciens C58 (Watson et al., J. 
Bacterid. (1974) 123 = 255) by the meth^ 7f Di^a et 
li- ' Proc. Natl. Acad. Sci. USA (1978) 77:7347. 
PCGN81Q was also mated into A. tumefaciens K61, which 
contains a disarmed Ti-plasmid, as compared to C58 
which has the genetic capability for nopaline 
30 expression, and is an armed Ti-plasmid. The 
transformed Agrobacterium was selected with 
carbeniciUin (50ug/ml) and streptomycin (150ug/ml) at 
3000 for two to three successive streak outs. After 
growth under selection, DNA was isolated and restricted 
with BamHI and EcoRI and verified by probe 
hybridization. The cloned pCGN808 was used as the 
nick-translated probe and confirmed the presence of a 
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565bp Y- -nterferon fragrr^ent in both the expression 
/ector p:gnM6 and the T-DNA plasmid pCGN537 m arrr.ed 
2r.G disarmed Agrcbacter ium . 

Four pCGNSlO constructs in both CSS and K61 
were cc':ultiva ted with Nicotiana tabacum xanthii 
protoplasts and cluinps of transformed cells which were 
seiectc-:d in lOOug/ml kanamycin were transferred to 
solid media containing kanamycin (lOOug/ml) for further 
growt.'i and regeneration into plants. 

Tobacco leaf disks were cocultivated with 
pCGN^f lO in C58 and K61 Agrobacter ium strains and the 
ZLS.<^ transferred to selective media with kanamycin 
(lOO-.g/ml) for growth to callus. 

Sterile tobacco plants were stem-stab 
inoculated with A. tumef aciens C58 (pCGNSlO) resulting 
m r.he production of gall tissue which was excised and 
zra-.sferred onto solid media containing kanamycin 
' 1 'JO ug/ml) . After considerable callus proliferation, 
mc; t of the gall-induced callus material was harvested 
:c : mRNA and protein analysis. A small portion of the 
cjll-callus material started to shoot on the kanamycin 
.-:f:dium without hormones. Once transferred to shooting 
-'.3dia, the shoot development looked normal for most of 
•he piantlets, though some were teratoma-like . The 
.^lantlets were transferred to rooting medium containing 
Kanamycin (lOOug/ml) and most of the morphology normal 
piantlets rooted. 

The rest of the gall-induced callus material 
was pooled and used for preliminary expression analysis 
^or Y-interferon as compared with control callus (plant 
cells transformed with A. tumef aciens C58 ( pCGN58 7 ) . 
After extraction of the plant material and 
immunoprecipitation with antisera against y-interferon, 
the extract was e lect rophoresed on 15^ SDS-PAGE, 
eiectrcblotted to nitrocellulose and blocked with 
T-mterferon antisera. Radioactively labeled S. aureus 
protein A was hybridized to the filter, so as to bind 
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to any immune complexes which had formed. in the 
transformed plant tissue (A. tumef aciens C58 
(pCGNSlO)), a visible band ran at the same size as the 
positive control y-interferon samples. 

Analysis of the mRNA obtained after an 
oligo-dT prep of total RNA was performed using 
nick-translated isolated gene fragments to the Tn5 
kanamycin gene (in pCGN587) and the T-interferon 
fragment (in pCGN808). The Northern data showed a 
message in both pCGN587 and pCGNSlO mRNA preps which 
hybridize to the kanamycin fragment. Only the 
transformed pCGN810 sample, hybridized to the 
Y-interferon gene probe showing two mRNA species, each 
terminating in a different sized noncoding 3 '-sequence. 

Samples were prepared and bioassayed for 
murine y-interferon. The samples were prepared as 
follows: To frozen tobacco tissue from tissue culture 
(1.6 or l.Og) ground in liquid nitrogen was added 5 or 
2.5ml, respectively, extraction buffer (IM NaCl, 
25mg/ml BSA, lOmM DTT, lOmM cysteine, 20mM NaPO^ , 
pH 7.4) and grinding continued until the mixture was 
liquid. The liquid was then centrifuged twice at 16K 
rpm for 20min, transferring the liquid to a fresh tube 
after the first separation. The sample was then 
diluted to 5ml and 0.5ml control pore glass beads (CPG) 
(washed and autoclaved) were added and the mixture 
agitated at 4*>C for 4hr. The mixture was then loaded 
onto a silane treated Pasteur pipette column, the 
column washed with 3ml 20mM NaPO^ , IM NaCl and the 
product eluted with 5ml IM NaCl, 30% ethylene glycol. 
The material eluted from the column was then dialyzed 
overnight against 20m>l NaPO^ , IM NaCl. Dialysis buffer 
was changed once at 3hr. The dialysed sample was 
concentrated with a Millipore immers ible-CX 10,000 
ultrafilter to less than about 1ml and then a series of 
dilutions with ESA buffer (IM NaCl, 20mM NaPO^ , pH 7.4, 
25mg/ml BSA) performed. Comparison samples were made 
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from transformed and untransf ormed tobacco, where no 
Y-interferon gene was introduced, where the tissue was 
or was not supplemented with y-interf eron . The 
following table indicates the results. 



TABLE 



Tissue^ Dilution* y-IFN activity- 



UT A 0 9 

1 9 

2 9 

3 9 

UT B 0 '741 

1 188 

2 ' ' 15 

3 9 

. T A 0 . 9 

1 ■■ S 

2 9 
» 3 9 

T B 0 9191 

1 9191 

2 1042 

3 261 

T-ylFN 0 197 

3 1 41 

2 9 

3 9 



1 UT - untransf ormed tobacco tissue 
Q T - tobacco tissue transformed with foreign DNA 

T-yIFN - tobacco tissue transformed with the 
murine y-lYW gene 

A - no murine y-IFN added 

B - 5ug Y-IFN added to 5ml of sample prior to 
purification treatment 

5 ^ 0 = 0.5; 1 = 10"-^; 2 = lO"^; 3 = 10-3 

^ Assav procedure is described in Yip et a_l. , 
Proc'. Natl. Acad. Sci. USA ( 1982) 7 9 : 1820-1 824 . 
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The above results demonstrate that one can 
produce physiologically active mammalian proteins in 
plant cells. Stable messages are produced by 
transcription of the mammalian gene integrated into the 
plant genome, which message can then be translated into 
the mammalian product, so as to provide physiologically 
active proteins. The mammalian proteins can be readily 
isolated free of deleterious contaminants, such as 
oncogenic DNA, exotoxins, and the like. In addition, 
the products can be processed to provide for a mature 
product having the same or substantially the same 
structure and composition as the naturally-occurring 
peptide product. 

Although the foregoing invention has been 
15 described in some detail by way of illustration and 
example for purposes of clirity cf undcrctanding , it 
will be obvious that certain changes and modifications 
■ may be practiced withia the' scope' of the appended 
claims . 

20 
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30 
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WHAT 15 CLAIMED IS: 

1. A method for producing a mammalian 

peptide which comprises: 

growing plant cells containing an integrated 
5 sequence comprising, 

a first expression cassette having in the 
direction of transcription (1) a transcriptional and 
translational initiation region functional in said 
plant cells, (2) a structural gene coding for said 
10 mammalian peptide, and (3) a termination region, 

whereby said structural gene is expressed to 
produce said mammalian peptide; and 

isolating said mammalian peptide 
substantially free of plant cell components. 



15 
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25 



30 



2. A method according to Claim 1, wherein 
said integrated sequence includes a second expression 
cassette having in the direction of transcription (1) a 
transcriptional and translational initiation region 
functional in said plants, (2) a structural gene coding 
for a peptide which allows for selection of plant cells 
expressing said peptide, and (3) a termination region. 

3. A method according to Claim 2, wherein 
said transcriptional and translational initiation 
region is derived at least in part from a 
transcriptional and translational initiation region of 
a Ti- or Ri-plasmid. 

4. A method according to Claim 3, wherein 
said transcriptional and translational initiation 
region regulates expression of mannopine synthase, 
octopine synthase or nopaline synthase. 

5. A method according to Claim 1, wherein 
said transcriptional and translational initiation 
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region of said first expression cassette regulates 
expression of a plant gene. 

6. A method according to Claim 1, wherein 
said integrated sequence includes a boundary region 
from T-DNA. 

7. A method for producing an interferon 
which comprises: 

growing plant cells containing an integrated 
sequence comprising , 

a first expression cassette having in the 
direction of transcription (1) a transcriptional and 
translational initiation region functional in said 
plant cells an'd derived from a region which regulates 
expression of a T-DNA gene, (2) a structural gene 
coding for an interferon, and (3) a termination region 
functional in said plant cells, 

whereby said structural gene is expressed to 
produce said interferon, and 

isolating said interferon substantially free 
of plant cell components. 

8. A method according to Claim 7, wherein 
said integrated sequence includes a second expression 
cassette having in the direction of transcription (1) a 
transcriptional and translational initiation region 
functional in said plant cells, (2) a structural gene 
coding for an enzyme which imparts antibiotic 
resistance, and (3) a T-DNA boundary. 

9. A method according to Claim 8, wherein 
said first expression cassette transcriptional and 
translational initiation region regulates expression of 
the mannopine synthase gene of T-DNA. 
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10. 



An expression cassette comprising a DNA 
sequence having m the direction of transcription a 
transcriptional and translaticnai initiation region 
functional in plant cells, a structural gene coding for 
a maTuiralian peptide, and a tennination region 
functional in plant cells. 



. ^ expression cassette according to 

Clai. 10 including joined to said DNA sequence a second 
10 pression cassette comprising a second transcriptiona 

a d translational initiation region functional in plant 

cells, a structural oppp . ^ 

. ^ ^-"^ <^ peptide providing 

a Phenotypxc property capable or selection in plant 
=eUs, and a termination region functional in plant 
15 cells. 

12. An expression cassette according to 
Claim 11, including a T-DNA boundary. 

13. A DNA construct comprising a first 
expression cassette having in the direction of 
transcription a transcriptional and translational 
initiation region regulating the expression of 
mannopme synthase of T-DNA, a structural gene coding 

25 for v-interferon and a termination region functional in 
Plant cells, a second expression cassette comprising in 
the direction of transcription a transcriptional and 
translatxonal initiation region regulatory the 
-P-ssion Of octopine synthase of T-DNA, a structural 

30 gene coding for an enzyme imparting antibiotic 

funct""" '° ^ termination region 

functional m plant cells, and a T-DNA boundary 
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